Soil fertility status under various types of upland farming was evaluated in a village in Mae Taeng District of Chiang Mai Province in northern Thailand. The farmlands were on sloping land in a transitional zone of hill evergreen and mixed deciduous forests (800-1000 m a.s.l.). Miang tea (Camellia sinensis var. assamica ), traditionally cultivated as the sole main cash crop, has been replaced by other cash crops. The studied soils originated from granite (n =30), limestone (n =16), and shale (n =6). Clay minerals were composed mainly of kaolin minerals in the granite soils and quartz, chlorite, gibbsite, mica, and kaolin minerals in the limestone and shale soils. Soil texture classes differed among soil types. However, granite and shale soils showed similar chemical properties to each other with an acidic nature and lower levels of exchangeable bases. Irrespective of the parent material, the CEC values were correlated with soil organic matter contents but not with clay contents. The levels of soil organic matter and the resulting CEC as well as ECEC values were higher in the limestone soils than in the granite and shale soils. These results suggest that higher negative charges in the limestone soils were derived from s o i l o r g a n i c m a t t e r a n d t h a t t h e s e c har ges developed under higher soil pH conditions. The C/ N ratios of the limestone soils were lower than those in the granite soils and shale soils, reflecting the well-decomposed status of soil organic matter. The granite soils were classified into three groups based on their physicochemical properties: forest-type soils (remnant forest, secondar y forest, miang tea garden and lychee orchard), soils of annual crop fields, and soils of the home gardens. The forest-type soils were characterized by their strong acidic nature with lower contents of exchangeable bases and available P. Soils of the annual crop fields and those of home gardens showed a less acidic nature and nutrient accumulation occurring as a result of fer tilizer application. However, a dif ference between these soils was that while the annual crop fields possessed preferable soil physical proper ties for crops caused by tillage management, soils of home gardens were subjected to compaction throughout soil profiles. In contrast to granite soils, the effects of different land uses on soil fertility were not evident in limestone soils. However, the annual crop fields and orange orchards had low total C and total N, engendering lower CEC values. Although the available P of these soils was high because of fer tilizer application, fertilizer N in the annual crop fields seemed not to contribute to a buildup of total N and ammonium N. Both in lychee orchards with the granite soils and orange orchards with limestone soils, fertilizer P had accumulated around trees where fertilizer was usually applied. For shale soils, the subsur face soils under the oolong tea gardens (Camellia sinensis var. sinensis ) were rich in total C and N and less compacted than soils of other land uses.
INTRODUCTION
Upland agriculture in nor ther n Thailand has been practiced mainly in watershed areas with steep slopes where appropriate conser vation measures should be taken. Similarly to the other tropical regions, shifting cultivation was traditionally adopted on such areas, which is regarded as a type of sustainable agricultural system as long as a crop/fallow rotation cycle is adhered to adequately (Grandstaf f, ). However, shifting cultivation has been transformed to more intensive land use with longer cropping and shor ter fallow periods because of the alteration of socioeconomic conditions such as the lack of arable land resulting from increasing population pressure and the enclosure of forest land by the government (Rerkasem et al. ) . Many studies have been conducted of upland agriculture in nor ther n Thailand, including those examining traditional shifting cultivation and the consequences of its alternation in socioeconomic or agronomic terms (Kunstadter, ; Praneetvatakul et al. ; Samata and Kawashima, ) . Land degradation caused by increasing agricultural pressure and its influences on watershed ecosystems have also been studied extensively at a comprehensive watershed level and at a site-specific level (Turkelboom et al. , , ; Thanapakpawin et al. ) . In this paper, we report results obtained from the village located in a transitional zone of hill evergreen and mixed deciduous forests at altitudes of -, m a.s.l. The soils had originated from granite, limestone, or shale. In this village, miang tea (Camellia sinensis var. assamica) had been cultivated as the sole main cash crop since the establishment of the village. However, the tea crop had been recently and rapidly replaced by other cash crops.
In a paper to follow, we will repor t the results from another village located in mixed deciduous forest at an altitude of -m. The parent material of the soils was sandstone. Prior to adoption of fruit tree planting today, upland rice produced by shifting cultivation practices had been the main crop.
MATERIALS AND METHODS

Study village
This study was conducted of farmlands of local farmers in a village, Ban Lao ( º -º N, º -º E) in Mae These new cash crops were planted mainly on existing miang tea gardens after slashing and burning, resulting in a rapid reduction in miang tea gardens.
Study sites
The farmlands tended to be concentrated along an unpaved road stretching from the residential area ( Fig. ) .
A small vehicle would be able pass on this road and some of its branches to car r y agricultural materials and har vested produce. The southern part of the road was located on the ridge, but the western and northern parts were on the middle of slopes. Remnant forests were left at higher locations behind farmland areas. Secondar y forests were located at sur rounding areas of the farmlands, mostly at higher locations behind the farmland areas or on steep slopes between farmlands. Oolong tea gardens were located separate from this farmland center because of the presence of a tea-processing factor y. In terms of parent materials of soils, the southern side of the road was covered with granite; the northern side was (Mulvaney, ) . Available phosphorus was quantified using the Bray II method (Kuo, ) . The par ticle size distribution was determined using the pipette method. For the three selected subsurface soils originating from each parent material, the clay mineral composition was identified by X-ray diffraction analysis using CuK radiation (XD-D w; Shimadzu Corp., Kyoto, Japan). Soil hardness was examined at depths of -and -cm using a Yamanaka-type push cone penetrometer.
RESULTS
Land uses and crop management in the study village
Basic information related to the land uses and crop management of the study sites is provided in Table . The allocation of the study sites is presented in Fig. .
Remnant forests were conser ved at higher altitudes behind farmlands as water sources to supply to crops. the limestone soils were high in the contents of total C and N and the levels of CEC, although the C/N ratios were low in the subsurface soils. The soil reaction was almost neutral, with higher contents of exchangeable bases. However, the levels of available P resembled those in other soils.
According to semi-quantification based on peak heights of the X-ray diffraction analysis, the clay mineral composition of the granite soils was dominated by kaolin On the other hand, the soils under annual crops (two cabbage, two chili, and one pumpkin site) were less acidic and contained higher amounts of exchangeable bases, especially Ca and Mg. The Al saturation was very low in both the sur face and subsur face soils. The levels of available P were higher than those of the other land uses.
Physicochemical properties of granite soils
These tendencies of the acidity and soil nutrient levels were more apparent in the sur face soils than in the subsurface soils. The total C contents of the surface soils and the total N contents of the subsurface soils tended to be low and high, respectively, engendering lower C/N ratios in both layers. The subsur face soils were less compacted than the other land uses, as reflected in lower levels of bulk density and soil hardness.
Under home gar dens, the most conspicuous characteristics of the soils were significantly higher bulk density and hardness than those of the other land uses.
Other properties of the soils were intermediate between the two land use groups described above: the levels of total C, total N, and the C/N ratio tended to be more similar to those of the remnant and secondar y forests, miang tea gardens, and lychee orchards, although the levels of acidity, exchangeable bases, and available P resembled those of the annual crop fields. Despite the lack of replication for statistical analyses, the soil properties under the oolong tea gardens, orange orchard, and wild banana stand more closely resembled those under the lychee orchards than to those of the remnant forests, secondary forests, or miang tea gardens.
Physicochemical properties of limestone and shale soils
Among limestone soils, no significant dif ference was found between soil properties under secondary forests and wild banana stands (Table ) . These soils showed almost neutral conditions, with higher levels of shows, the CEC were highly correlated with total N in both soil layers. The correlation was also valid when the relation was assessed within soils originating from each parent material (data not shown). This figure also clearly depicts that the levels of total N and CEC were higher in both layers of the limestone soils than in those of granite Middle, middle points between fruit trees; Fertilizer, fertilizer applied circles around fruit trees; Ratio, the ratio of a property at the fertilizer to that of the middle. * and ** indicate a significant difference between the middle point and fertilizer applied circle at P < . (paired t-test) . and shale soils. In addition, the effective CEC (ECEC; the sum of exchangeable bases and Al) was markedly higher in limestone soils: . , . , and . cmol c kgon average in the surface layers and . , . , and . cmol c kgin the subsurface layers of granite soils, limestone soils and shale soils, respectively. In contrast, no correlation was found between clay contents and CEC. Therefore, higher tendency related to land use was found, the PC is omitted from further discussion. As presented in Table , each PC and PC showed similar factor loadings in the The annual crop field soils showed the highest PC scores, followed by soils of the home gardens, reflecting the less acidic nature and nutrient accumulation as a result of fertilizer application. The levels of available P of these two soil groups also tended to be high (Table ) . In dry evergreen and mixed deciduous forests at altitudes of m a.s.l. in northern Thailand, Boonyanuphap et oolong tea gardens and one orange orchard were apparently classified in either the forest-type group or the annual crop group.
Soil fertility status under different land uses in the limestone area
In contrast to the granite soils, the effects of different land uses on soil fertility were not evident in limestone soils. However, the annual crop fields and orange orchards tended to be low in total C and total N in both layers, resulting in lower CEC values. The C/N ratio of the surface soils was lower in the annual crop fields than in soils related to other land uses. Funakawa et al. ( b) investigated soil organic matter under shifting cultivation on sedimentary rocks (Paleozoic shale) and found that the levels of soil organic C under continuous cropping were lower, with a lower C/N ratio, than fallow forests because of rapid decomposition of soil organic matter and less organic matter input from plants to soils. Although appreciable amounts of NP fertilizer were applied in the annual crop fields, the levels of total N and exchangeable NH were not different from those at the middle points (no fertilizer application) of the orange fields. In annual crop fields, at least on limestone soils, fertilizer N seemed not to contribute effectively to the build up of total N and ammonium N.
The Hmong people, one ethnic group in northern Thailand, who had been notorious for opium production on limestone soils by shifting cultivation practices, reportedly used their lands for cropping until soil fertility was exhausted (Kunstadter and Chapman, ) .
Knowing that the level of exchangeable K was not lowered in the annual crop fields without fer tilizer K input, N, or P depletion might be one reason for such exhaustion under conditions without fertilizer application.
Although the soil pH level was significantly higher in annual crop fields than in orange orchards, we were unable to find any explanation for this difference.
Effects of fertilizer application in fruits orchards
The fertilizer application rates for orange orchards were comparable to those for annual crop fields on the site scale basis, whereas those for lychee orchards were low (Table ) . However, it is noteworthy that in case of fruit tree orchards (orange and lychee) fertilizer application was concentrated around trees, resulting in several times higher rates on the fertilizer application point basis.
When comparing soil properties in terms of sampling points, fer tilizer P, and K to a lesser extent, was accumulated to the soils at points where fertilizer had been applied, irrespective of parent materials (Table ) . I n a d d i t i o n t o P a n d K , e x c h a n g e a b l e C a a n d exchangeable NH were each high at the points where fertilizer had been applied in the lychee orchards and the Sota TANAKA, Thanakorn LATTIRASUVAN, Kenji NAKAMOTO, Chalathorn SRITULANON and Katsutoshi SAKURAI orange or char ds. For granite soils, soil pH and exchangeable Ca at the middle points between the trees tended to be higher under the fruit orchards (orange and lychee) than in the other forest-type soils (Table ) .
However, in limestone soils, only available P tended to be higher under the orchards than in soils associated with other land uses (Table ) . These dif ferences suggest respectively different fates of fertilizer nutrients in granite soils and limestone soils. Additional studies should be made of the movement of fertilizer nutrients in relation to soil parent materials. In cases of orange orchards, where the application rates were considerably higher than in the lychee orchards, ef ficient and ef fective methods of fer tilizer application are necessar y to prevent loss of nutrients and to avoid unnecessary accumulation of P in the soils.
